Purpose: We aimed to investigate the impact of nonsurgical periodontal treatment combined with one-year dietary supplementation with omega (ω)-3 on the serum levels of eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), docosapentaenoic acid (DPA), and arachidonic acid (AA). Methods: Fifteen patients with chronic generalized periodontitis were treated with scaling and root planing. The test group consisted of seven patients (43.1± 6.0 years) supplemented with ω-3, consisting of EPA plus DHA, three capsules, each of 300 mg of ω-3 (180-mg EPA/120-mg DHA), for 12 months. The control group was composed of eight patients (46.1 ± 11.6 years) that took a placebo capsule for 12 months. The periodontal examination and the serum levels of DPA, EPA, DHA, and AA were performed at baseline (T0), and 4 (T1), and 12 (T2) months after therapy. Results: In the test group, AA and DPA levels had been reduced significantly at T1 (P < 0.05). AA and EPA levels had been increased significantly at T2 (P < 0.05). The ΔEPA was significantly higher in the test compared to the placebo group at T2-T0 (P = 0.02). The AA/ EPA had decreased significantly at T1 and T2 relative to baseline (P < 0.05). Conclusions: Nonsurgical periodontal treatment combined with ω-3 supplementation significantly increased the EPA levels and decreased the AA/EPA ratio in serum after one year follow-up. However, no effect on the clinical outcome of periodontal therapy was observed.
INTRODUCTION
Tissue destruction in chronic periodontitis is caused by a hyperinflammatory reaction against the biofilm. The excessive production of inflammatory cytokines, arachidonic acid (AA)-derived eicosanoids from omega-6 long chain-polyunsaturated fatty acids (ω-6 LC-PUFA), and other proinflammatory agents play a key role in stimulating irreparable damage to host tissues and therefore activating the periodontal tissue breakdown [1] . Omega-3 and ω-6 LC-PUFA-derivatives are involved in the inflammatory process: Most ω-6-derived meThis is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/). Brazil. The participants had at least 20 teeth and were diagnosed according to the criteria described by the American Academy of Periodontology [21] . The participants had no apparent ongoing systemic disease and were not taking any medication that could affect their periodontal conditions. They had not taken antibiotics for at least six months nor had they taken nonsteroidal anti-inflammatory drugs for at least three months prior to starting the treatment in this study. Individuals taking LC-PUFA nutritional supplements were excluded. All individuals signed an informed consent prior to enrollment. The Ethics Committee of the Pedro Ernesto University Hospital (UERJ, Rio de Janeiro, Brazil) approved the study protocol (2,714/2,010). Fifteen patients with generalized chronic periodontitis (6 males and 9 females) participated in the study during 12 months. Seven generalized chronic periodontitis patients (mean age, 43.1 ± 6.0 years) composed the test group and were treated with scaling and root planing (SRP) combined with ω-3 supplementation, three capsules/day, each of 300 mg of ω-3 (180 mg EPA/120 mg DHA; Quintaessencia, Rio de Janeiro, Brazil). The placebo group was composed of eight generalized chronic periodontitis patients (mean age, 46.1 ± 11.6 years) who received SRP and placebo (3 capsules/day; Quintaessencia). This study was considered a pilot randomized controlled double-blind trial.
Omega-3 supplementation
All generalized chronic periodontitis patients were randomly assigned using a coin toss to receive one of the two treatments during 12 months. Each supplement capsule provided 300 mg of ω-3 (180-mg EPA/120-mg DHA: Quintaessencia). The patients in the test group were instructed to take three capsules per day comprising a total of 900 mg ω-3 per day. The patients in the placebo group received three placebo capsules per day with 450 mg of placebo (Quintaessencia). Three containers, each one containing 30 capsules, were delivered to the participants each month. Compliance was checked by the return of the empty capsule containers and by asking weekly about the supplement intake. The bottles were not decoded until all the follow-up evaluations and statistical analyses had been performed to ensure a proper double-blind study protocol. Patients also answered a questionnaire about the occurrence of stomach upsets, gastrointestinal disorders, or other adverse events.
Food frequency questionnaire and body mass index
The food frequency questionnaire (FFQ) was answered during a face-to-face interview with an experienced nutritionist. The FFQ was recorded at baseline (T0) and again at four (T1) and 12 (T2) months for test and placebo groups. The questionnaire was designed to capture the habitual food intake amongst adults, including questions concerning 30 food items, grouped together according to the Brazilian meal pattern. Items in the FFQ included an extensive list of specific sea foods and fish, plus walnuts, flaxseed, flaxseed oil, cod liver oil, and canola oil. For each item, the categories ranged from never to a number of times in each day, week, or www.jpis.org month. The patients were instructed not to change their diet during the trial.
Nutritional status
Total body mass was measured with a portable scale to the nearest 0.1 kg. The height was measured to the nearest 0.5 cm. From the weight and height values, the body mass index (BMI) was defined as the ratio between weight in kilograms and squared height in meters (total body mass/height 2 
Clinical measurements and treatment
The clinical periodontal parameters measured included the percentages of sites that bled on probing (BOP), in addition to the visible plaque index, probing depth (PD), and CAL. The PD and CAL were recorded at six sites per tooth (mesiobuccal, midbuccal, distobuccal, mesiolingual, midlingual, and distolingual), except for third molars. A periodontal computerized probe (Florida Probe, Gainesville, FL, USA) was used together with a silicone stent (1.0-mm plates) (Bio Art, São Paulo, Brazil). The measurements were recorded at T0, T1, and T2. There was an intraexaminer concordance of 98% within the interval of ± 0.5 mm for the PD and CAL measurements.
After baseline examinations, patients received nonsurgical periodontal treatment, which consisted of oral hygiene instructions and supra-and subgingival debridement (SRP) under local anesthesia. The treatment was performed by an experienced periodontist (G.L.M.) with manual (Gracey and McCall curettes, Hu-Friedy, Chicago, IL, USA) and ultrasonic (Cavitron select, Dentsply, York, PA, USA) instruments. On average, the treatment took four 50-minute sessions carried out once a week. Re-evaluations were performed every four months after baseline during the 12 months.
Blood collection
The patients were instructed not to eat for 12 hours before sample collection. Blood samples (20 mL) were obtained in the morning (not later than 8 AM) by venous puncture. Four milliliters were transferred to glass tubes containing 7.2-mg K2-ethylenediaminetetraacetic acid (K2-EDTA; BD Vacutainer, Franklin Lakes, NJ, USA) for glycated hemoglobin and blood count. Another 4 mL were transferred to glass tubes with 6 mg of NaF and 12 mg Na2EDTA (BD Vacutainer) for glucose analysis. Eight milliliters were transferred to clot activator glass tubes (BD Vacutainer) for lipid profile, high-sensitivity C-reactive protein, insulin and ω-3 and ω-6 LC-PUFA (EPA, DHA, DPA, and AA). All of the samples were immediately centrifuged for 5 minutes, except the K2-EDTA, and used for immediate analysis or stored at −70°C. Blood collection was carried out at T0, T1, and T2.
Laboratory assays
Plasma glucose, triacylglycerols, total cholesterol, high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), very-low-density lipoprotein cholesterol (VLDL-c), glycated hemoglobin, insulin, and leukocyte counts were measured using an automatic analyzer (DLE Medicina Laboratorial, Rio de Janeiro, Brazil). CRP levels were determined using a highly sensitive immunoturbidimetric assay (DiaSys Diagnostic Systems, Holzheim, Germany). LC-PFAs in serum were analyzed after the extraction of lipids, and oxidation was prevented by the addition of butylated hydroxytoluene. The organic phase containing total lipids was dried under nitrogen flow and the residue was methylated. LC-PUFAs in serum were analyzed by gas chromatography. The identification and quantification of gas chromatographic peaks of fatty-acid methyl esters were performed using a commercial standard (Supelco, Bellefonte, PA, USA).
Statistical analysis
Age and BMI are presented as mean and standard deviation, while the other data are presented as median and interquartile range (IQR). Clinical data were obtained from six sites per tooth in each patient at baseline and after periodontal therapy, at 4 and 12 months, and the median and IQR were calculated in the percentage of sites from different consumption frequency categories in each group at each point in time. The categories were grouped according to their PDs into ≤ 3 (shallow), 4-5 (moderate), and ≥ 6 (deep) mm and CAL into -1, 2-4, and ≥ 5 mm. The significance of differences between groups was calculated using the Mann-Whitney U-test. The significance of differences between groups by gender, race, and smoking status were tested using Fisher exact test. The significance of changes (Δ = final value-initial value) in clinical, biological blood, and LC-PUFA serum data by the point in time were determined using the Wilcoxon rank sum test for each group. P-values < 0.05 were considered to be significant. The correlation between clinical variables and serum levels of LC-PUFA were calculated with Spearman rho correlation coefficient. The statistical analyses were performed using IBM SPSS Statistics ver. 19.0 (IBM Co., Armonk, NY, USA).
RESULTS

Demographic data and clinical outcome
The demographic data indicated that both groups were similar regarding age, gender, smoking, race, and BMI (Table 1 ). The mean BMI was 27.9 ± 2.4 and 27.5 ± 3.3 kg/m 2 in the test and placebo groups, respectively. All the participants were classified as overweight (BMI, 25-29.99 kg/m 2 ), except one patient in the test group who was eutrophic (BMI, 23.6 kg/m 2 ), and two patients in the placebo group, one on whom was eutrophic (BMI, 20.6 kg/m 2 ) and other obese (BMI, 31.4 kg/m 2 ). The FFQ showed that the estimated intake of ω-3 LC-PUFA was lower than the 250 mg/day (DHA+EPA) recommended by the FAO/WHO for both groups before the study. Therefore, the groups were considered to be homogeneous in relation to the habitual intake of ω-3 LC-PUFA (data not shown).
The clinical periodontal parameters, percentage of sites from categories grouped according to their PDs into ≤ 3 (shallow), 4-5 (moderate), and ≥ 6 mm (deep), and CAL into 0-1, 2-4, and ≥ 5 mm, VIP, and BOP, showed that there were no significant differences between test and placebo groups at T0. The PD and CAL had improved significantly in both groups after nonsurgical periodontal treatment at T1 and T2. The percentage of BOP-positive sites had fallen significantly in the placebo group at T1 and T2. No significant differences in clinical periodontal parameters were found between the test and placebo groups after nonsurgical periodontal treatment at T1 and T2 (Table 2) .
LC-PUFA serum levels
At baseline, no significant differences in DHA, DPA, EPA, or AA were observed between the groups. After four months, the test group showed a significant reduction in DPA and AA (P < 0.05). The placebo group showed a significant reduction in DHA, DPA, EPA, and AA at T1 (P < 0.05). No significant differences were found between the test and placebo groups in ΔDHA, ΔDPA, ΔEPA, or ΔAA at T1-T0 (Table 3 , Fig. 1 ).
After 12 months, EPA and AA had increased significantly, whereas DPA had decreased significantly compared to T0 in the test group (P < 0.05). The placebo group showed a significant reduction in DPA and a significant increase in AA at T2 compared to T0 (P < 0.05). The ΔEPA was significantly higher in the test compared to the placebo group at T2-T0 (P = 0.021). No significant differences were found in ΔDHA, ΔDPA, or ΔAA at T2-T0 between the test and placebo groups (Table 3 , Fig. 1) . The ΔCAL showed a significant positive correlation with the ΔDPA level at T1 and T2 (r = 0.7, P = 0.01). The other parameters did not show any significant correla- The number of total sites in the test group was 1,385, 1,385, and 1,013, and in the placebo group was 1,521, 1,521, and 1,299, respectively at T0, T1, and T2. No differences were found between the groups (Mann-Whitney U-test). IQR: interquartile range, PD: probing depth, CAL: clinical attachment level, VPI: visible plaque index, BOP: bleeding on probing. *P < 0.05 compared the changes (Δ) at T0-T1 and T0-T2 in the test and placebo groups (Wilcoxon rank sum test). No differences were found between the groups using Fisher exact test.
No differences were found between the groups using the Mann-Whitney U-test.
tion (data not shown).
Regarding the ratios, no significant differences between the test and placebo groups in AA/EPA, AA/DHA, and AA/DPA at baseline were observed. In the test group, the AA/EPA and AA/DHA ratios had been reduced significantly at T1 (P < 0.05). However, in the placebo group, the AA/DHA and AA/EPA ratios had increased significantly at T1 (P < 0.05). After 12 months, in the test group, the AA/EPA ratio had decreased significantly, whereas AA/DPA had increased significantly compared to T0 (P < 0.05). In the placebo group, the AA/DHA and AA/DPA ratios had increased significantly compared to T0 (P < 0.05). The ΔAA/EPA and ΔAA/DHA ratios had decreased significantly in the test compared to the placebo group at T1-T0 (P = 0.001) and T2-T0 (P < 0.05) ( Table 3 , Fig. 2 ).
Biological blood parameters
Similar biological blood parameters were observed between the test and placebo groups at T0. The test group showed a significant reduction in LDL level at T1 (P < 0.05). The placebo group showed a significant increase in HDL level at T1 (P < 0.05). After 12 months, the insulin level had increased significantly both in the test and placebo groups (P < 0.05). In contrast, glycated hemoglobin had increased significantly only in the test group (P < 0.05). No differences in the change in biological blood parameters were found between the test and placebo groups at T1-T0 and T2-T0 (Table 4) .
DISCUSSION
In the present study, supplementation significantly increased the EPA level and decreased the AA/EPA ratio in serum after one year of nonsurgical periodontal therapy. However, this change in serum levels had no effect on the clinical outcome of the periodontal treatment. Our finding of higher serum levels of EPA is in agreement with several earlier studies in both healthy subjects and in patients with renal disease or rheumatoid arthritis [7, 8, 23] . High serum EPA is important to stimulate the expression of EPA-derived resolvin E1, a well-known proresolving lipid mediator very important during the inflammatory resolution process [24] .
The AA/EPA ratio reached mean levels of 7:1 in the test group, which is quite similar to the one found in populations with a Mediterranean diet [25] . On the other hand, this ratio remained very high in the placebo group (18:1). Experimental evidence indicates that the optimum ratio between ω-6 and ω-3 should be close to 4:1-5:1, and not exceeding 10:1 for the promotion of health and longevity [26] [27] [28] [29] .
The clinical analysis of periodontal status failed to demonstrate any difference between test and placebo groups even after one year of dietary ω-3 LC-PUFA supplementation, which is in agreement with our previous results [4] and with Rosenstein et al. [30] , both with a shorter period of supplementation.
We were not able to find significant differences between the groups regarding any of the blood parameters measured. However, the test group showed a significant reduction in LDL level at T1, Our results are somewhat in agreement with previous studies that have reported an unfavorable effect or no effect of ω-3 PUFA on glucose metabolism [31, 32] . Others have shown that DHA supplementation increases HDL and LDL, and reduces triglyceride [33, 34] . Our present study does not support the concept of dietary supplementation with ω-3 in order to improve clinical healing after periodontal therapy. It is possible that the outcome of periodontal treatment is mainly dependent on local conditions. The additional anti-inflammatory effect of the ω-3 PUFA might be so small that it was not clinically measurable, or perhaps for clinical observations a greater sample size could have provided more consistent evidence. Although it is quite difficult to follow a greater number of patients for a long period, the present pilot study might encourage more investigations in this field. There are two earlier studies reporting a clinical effect but both studies combined the ω-3 PUFA with low doses of aspirin [6, 7] , which changes the main object of the study from supplementation to a more complex situation including medication.
In conclusion, nonsurgical periodontal treatment combined with ω-3 supplementation significantly increased the EPA levels and decreased the AA/EPA ratio in serum after one year follow-up. The omega (ω)-6/ω-3 and arachidonic acid (AA)/LALC-PUFA ratio in serum levels (μM/L) for patients in placebo and test groups at baseline, four, and 12 months are presented. AA/eicosapentaenoic acid levels (EPA) serum levels in test group (A) and in placebo group (B). AA/docosahexaenoic acid (DHA) serum levels in test group (C) and in placebo group (D). AA/docosapentaenoic acid (DPA) serum levels in group test (E) and in placebo group (F). Values are presented as median (IQR). IQR: interquartile range, HDL: high-density lipoprotein, LDL: low-density lipoprotein, VLDL: very-low-density lipoprotein, hs-CRP: high-sensitivity C-reactive protein.
No differences were found between the groups (Mann-Whitney U-test). *P < 0.05 compared the changes (Δ) at T0-T1 and T0-T2 in test and placebo groups (Wilcoxon rank sum test).
However, no effect on the clinical outcome of periodontal therapy was observed.
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